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(54) Adjacent channel interference detectin for FM radio receiver 



(57) In an FM radio receiver, IF signals are applied 
to an IF counter 15 where the frequency of the IF sig- 
nals is counted. The count value is sent to a control cir- 
cuit 17 where judgment on whether there is adjacent- 



channel interference or not is made based on whether 
or not the count value matches the center frequency of 
IF signals of the desired channel. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] This invention relates to a radio receiver with 
measures against adjacent-channel interference. 

DESCRIPTION OF THE RELATED ART 

[0002] Typically, it an interference channel having 
strong electric fields exists next to a desired channel in 
an FM (Frequency Modulation) radio receiver, radio 
waves of the interference channel may enter the receiv- 
ing system and cause adjacent-channel interference. 
That is, the interference channel interferes with the 
desired channel. In order to prevent such interference, 
FM radio receivers typically have two IF filters, one for a 
wide band, and the other for a narrow band. When adja- 
cent-channel interference occurs, the interference 
channel is rejected by limiting FM IF signals to a nar- 
rower band. The configuration of such an FM radio 
receiver is shown in Fig. 4. 

[0003] in Fig. 4, FM RF signals are tuned and ampli- 
fied by an FM-RF tuned amplifier circuit 1 and are then 
frequency-converted into IF signals having a center fre- 
quency of 10.7 MHz, by a mixer 2 according to local 
oscillation signals from a local oscillation circuit 3. The 
IF (Intermediate Frequency) signals are band-limited by 
an IF filter 41 and then are sent to both wide-band filter 
4W and a narrow-band filter 4N via a selector circuit 5, 
resulting in band limitation of the IF signals according to 
each passing bandwidth. Output signals from either the 
wide-band filter 4W or the narrow-band filter 4N are 
selected by a selector circuit 6. Output signal from one 
of them is amplified by a limiter amplifier 7 and then are 
FM-detected by an FM-detection circuit 8. At the time of 
normal reception, output signals from the wide-band fil- 
ter 4W (hereinafter referred to as wide IF signals) are 
selected and FM-detected. 

[0004] When FM is received, it is assumed that inter- 
ference channel Fud exists next to desired channel Fd. 
As shown in Fig. 5, interference channel Fud is within 
the passing band of the wide-band filter 4W, but outside 
the passing band of the narrow-band filter 4N. In such a 
case, the relation between the passing bands of the 
wide-band filter 4W and the narrow-band filter 4N is as 
shown in Fig. 5. An adjacent-channel interference 
detection circuit 9 detects adjacent-channel interfer- 
ence by observing the relationship between output lev- 
els of the wide-band filter 4W and the narrow-band filter 
4N with connection as signal line a or observing a 
smoothed level of detection output from the FM-detec- 
tion circuit 8 with connection as signal line b. When the 
adjacent-channel interference detection circuit 9 
detects adjacent-channel interference, detection signal 
DET is generated. On the detection signal DET, a con- 



trol circuit 10 judges that adjacent-channel interference 
has occurred. According to selection signal SL, output 
signals from the narrow-band filter 4N (hereinafter 
referred to as narrow IF signals) are selected. Interfer- 

5 ence channel Fud is outside the passing band of the 
narrow-band filter 4N, and so is rejected by the narrow- 
band filter 4N. As a result, the adjacent-channel interfer- 
ence can be rejected and reception will be improved. 
[0005] Conventionally, adjacent-channel interference 

10 has been detected by observing the relationship 
between output levels of the wide-band filter 4W and the 
narrow-band filter 4N or a smoothed output level of the 
FM-detection circuit 8. as stated above. However, in the 
conventional detection method (using signal line a), it is 

is desirable that when observing the relation between lev- 
els of wide IF signals and narrow IF signals, output sig- 
nals from the wide-band filter 4W and narrow-band filter 
4N be separately smoothed and both smoothed levels 
compared. This causes a problem of complex circuitry. 

20 Especially, placing these circuits on an IC necessitates 
externally attached capacitors for smoothing and exter- 
nally attached pins to which these capacitors are con- 
nected. These circuits are therefore not suitable for 
reduction to IC. Also, the detection method (using signal 

25 line b) by observing output signals from the FM-detec- 
tion circuit 8 detects adjacent-channel interference by 
the difference because of interference channel Fud 
between a smoothed level of detection output and a 
level corresponding to the center frequency of IF sig- 

30 nals. However, a difference only exists when interfer- 
ence occurs with a level of interference channel Fud 
higher than that of desired channel Fd. When interfer- 
ence has only a slight effect, the smoothed level does 
not clearly change, and it is difficult to detect adjacent- 

35 channel interference. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides an FM radio 
40 receiver with simple circuitry which can reliably detect 
adjacent-channel interference, even when the interfer- 
ence effect is slight. 

[0007] According to the present invention, when the 

difference between a count value of an IF counter and 
45 the center frequency of IF signals arises in the case of 

an FM radio receiver receiving an interference channel 
— with the desired channel, adjacent-channel interference 

is detected. 

[0008] Adjacent-channel interference can therefore be 
so rejected using simple circuitry. Also, externally attached 
additional devices are unnecessary, which enables 
design of a suitable IC FM radio receiver. 
[0009] When adjacent-channel interference is 
detected, more detailed and reliable judgment on 
55 whether adjacent-channel or other interference exists 
can be made by detecting received electric field 
strength of the desired channel. When there is other 
interference, judgment on whether electric field strength 
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of the desired channel is small or interference by noise 
generating near the desired channel has occurred can 
be made because electric field strength near the 
desired channel is detected. Therefore, a receiving 
state of an FM radio receiver can be reliably improved 5 
by substantially accurate selection of output signals 
from a wide-band or narrow-band filter in the above cir- 
cumstances. 

BRIEF DESCRIPTION OF THE DRAWINGS 10 
[0010] 

Fig. 1 is a block diagram showing an embodiment of 
the present invention. 15 
Fig. 2 is a flowchart outlining the operation of Fig. 1 . 
Figs. 3A, 3B, and 3C are frequency characteristic 
views for describing the operation of Figs. 1 and 2. 
Fig. 4 is a block diagram showing a conventional 
FM radio receiver. 20 
Fig. 5 is a frequency characteristic view showing 
the operation of a conventional FM radio receiver. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

25 

[001 1 ] Fig. 1 is a block diagram of an embodiment of 
the present invention. 1 1 is a primary coil where FM's IF 
signals from a mixer 2 are derived; 12 and 13 are the 
first and second secondary coils corresponding to the 
primary coil 11 ; 14 is a filter comprising an IF filter with 30 
either a wide-band filter 4W or a narrow-band filter 4N; 
15 is an IF counter for counting the frequency of output 
signals from the filter 14; 16 is an electric field strength 
detection circuit for detecting received electric field 
strength according to output signals from the filter 14; 35 
and 17 is a control circuit for controlling a selector circuit 
6 and a local oscillation circuit 3. In Figs. 1 and 4, the 
same circuits have the same signs. 
[0012] In Fig. 1, IF signals from the mixer 2 are 
derived at the primary coil 1 1 , which is a common out- 40 
put circuit. The same IF signals are derived at the sec- 
ondary coils 12 and 13 and their IF signals are applied 
to the wide-band filter 4W and narrow-band filter 4N 
respectively. Each of the wide-band filter 4W and nar- 
row-band fitter 4N has a filter characteristic as shown in 45 
Fig. 3A. Either wide IF signals or narrow IF signals are 
then selected and applied to the filter 14. A necessary 
characteristic of the IF filter can be obtained by applying 
to the filter 14 signals of a frequency selected by either 
the wide-band filter 4W or the narrow-band filter 4N. 50 
Output signals from the filter 14 are amplified by a lim- 
iter amplifier 7 and then are FM-detected by an FM- 
detection circuit 8. 

[0013] Next, the operation of the FM radio receiver 
shown in Fig. 1 will be descrbed with reference to the 55 
flowchart shown in Fig. 2. The FM radio receiver is in a 
normal receiving state; wide IF signals from the wide- 
band filter 4W are selected and FM-detected (S1). The 



control circuit 17 begins to detect during normal recep- 
tion whether adjacent-channel interference has 
occurred or not. The IF counter 1 5 counts the frequency 
of wide IF signals from the filter 14. The IF counter 15 
detects, for example, the zero-crossing of IF signals and 
counts based on this crossing. A count value of the IF 
counter 1 5 is output to the control circuit 1 7. If the detec- 
tion of adjacent-channel interference begins, the control 
circuit 17 obtains the count value by which whether or 
not adjacent-channel interference has occurred is 
determined (S2). The control circuit 17 judges whether 
or not the count value is outside a predetermined fre- 
quency range (S3). As shown in Fig. 3 A, if, for example, 
interference channel Fud exists 0.1 MHz away from 
desired channel Fd and the electric field strength of 
interference channel Fud is greater than that of desired 
channel Fd, IF signals of the desired channel and inter- 
ference channel overlap and the level of IF signals of the 
interference channel is higher than that of IF signals of 
the desired channel. This results in change of the center 
frequency of IF signals toward that of the interference 
channel and the center frequency of wide IF signals is 
not equal to 10.7 MHz, which is the center frequency of 
desired channel Fd. As a result, when FM-detection is 
performed, interference channel Fud interferes with 
desired channel Fd, resulting in a worsened receiving 
state. 

[0014] The IF counter 1 5 counts the frequency of wide 
IF signals accurately. When such adjacent-channel 
interference has occurred, a count value will therefore 
not be equal to the value corresponding to 10.7 MHz 
(desired channel) . The control circuit 1 7 judges from the 
count value whether or not adjacent-channel interfer- 
ence has occurred. The control circuit 17 has predeter- 
mined detection range Af for an IF count value, as 
shown in Fig. 3A. If a count value is outside detection 
range Af, the control circuit 17 judges that there is an 
interference channel and, rf a count value is within 
detection range Af, the control circuit 1 7 judges that only 
the desired channel is being received and that there is 
no interference channel. However, the frequency of FM 
signals continually shrfr The frequency of IF signals 
may not be necessarily equal to 10.7 MHz, depending 
on the detection timing of the IF counter 15. In order to 
avoid erroneous detection of adjacent-channel interfer- 
ence resulting from frequency shift, detection range A f 
as shown in Fig. 3A is therefore determined. A change 
in the frequency of wide IF signals within this detection 
range Af will be considered to have occurred by fre- 
quency shift. It is preferable that Af should be equal to a 
passing frequency band of the narrow-band filter 4N. 
[0015] If the control circuit 17 judges that a count 
value of the IF counter 15 is within predetermined 
detection range Af. the control circuit 17 considers that 
there is no adjacent-channel interference and gener- 
ates switching signal SL for the first state. Wide IF signal 
are selected according to the switching signal SL. That 
is, the normal receiving state of the FM radio receiver 
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continues (S4), and then the control circuit 1 7 turns into 
a wait state (S5). After a predetermined time (for exam- 
ple, about 10 seconds), the process returns to step S1 
and again begins to search for adjacent-channel inter- 
ference. 5 
[001 6] Adjacent-channel interference can be detected 
in step S3, but the frequency of IF signals may change 
from a cause other than adjacent-channel interference. 
When the control circuit 1 7 judges that a count value of 
the IF counter 15 is outside predetermined detection io 
range Af , the control circuit 1 7 therefore proceeds to the 
next step for judging whether its cause is really adja- 
cent-channel interference or not. 
[0017] Output signals from the limiter amplifier 7 are 
applied to the electric field strength detection circuit 16 is 
which smooths the signals to detect received electric 
field strength. Output signals from the electric field 
strength detection circuit 16 are sent to the control cir- 
cuit 17 and the received electric field strength is meas- 
ured (S6). With wide IF signals selected, the control 20 
circuit 1 7 then judges whether the received electric field 
strength detected is greater than or equal to a predeter- 
mined level (S7). A received electric field strength equal 
to or greater than a predetermined level shows that an 
interference channel with great electric field strength 25 
interfering with the desired channel causes a change in 
the frequency of IF signals or that an interference chan- 
nel with even greater electric field strength interfering 
with the desired channel with great electric field strength 
causes a change in the frequency of IF signals, which 30 
results in the judgment that adjacent-channel interfer- 
ence has occurred. Received electric field strength less 
than or equal to the predetermined level results in a 
judgment that other interference may have occurred 
because of small electric field strength of the desired 35 
channel itself. 

[0018] When the received electric field strength is 
greater than or equal to the predetermined level, the. 
control circuit 1 7 judges that adjacent-channel interfer- 
ence has actually occurred and generates switching 40 
signal SL for the second state. According to switching 
signal SL, narrow IF signals from the narrow-band filter 
4N are selected and FM-detected. As shown in Fig. 3 A, 
if interference channel Fud is within the passing band of 
the wide-band filter 4W and outside the passing band of 45 
the narrow-band filter 4N, interference channel Fud will 
be rejected by the narrow-band filter 4N. The adjacent- 
channel interference can therefore be rejected, and 
receiving state of the FM radio receiver (S8) improves 
as a result. The control circuit 1 7 then switches to wait so 
state (S9). After a predetermined time (about 10 sec- 
onds, for example) has elapsed, wide IF signals are 
selected according to switching signal SL for the first 
and the FM radio receiver thereby switches to the nor- 
mal receiving state (S10). The process then returns to 55 
step S1 and begins to detect adjacent-channel interfer- 
ence again. 

[001 9] In step S7, if a judgment that other interference 



may have occurred because of small electric field 
strength of the desired channel itself is made, the con- 
trol circuit 17 detects noise etc., which interfere with the 
desired channel, in detail. If the electric field strength of 
the desired channel itself is small, noise and other fac- 
tors interfere with the desired channel. First, the control 
circuit 17 shifts local oscillation control signal LO and a 
local oscillation frequency of the local oscillation circuit 
3, which shifts the frequency of RF signals correspond- 
ing to the center frequency of IF signals of 10.7 MHz. 
The control circuit 17 shifts by the channel of received 
FM bands. Specifically, as shown in Fig. 3B, RF fre- 
quency is shifted in the direction of lower frequency 
from RF frequency Fd of the desired channel to FdL, 
then in the direction of higher frequency to FdH, and 
finally back to Fd. When RF frequency is shifted, the 
control circuit 1 7 detects electric field strength at RF fre- 
quency FdH and stores it in an internal memory (not 
shown) of the control circuit 17 and detects electric field 
strength at RF frequency FdL and stores it in the inter- 
nal memory (S1 1). The level and amount of other inter- 
ference signals generated near the desired channel are 
detected by shifting RF frequency and detecting its 
electric field strength. Judgment on whether both values 
of received electric field strength at RF frequencies FdL 
and FdH are lower than predetermined level V2 will then 
be made (S12). If both values of received electric field 
strength at RF frequencies FdL and FdH are lower than 
predetermined level V2, a judgment is made that a lack 
of the electric f ield strength of the desired channel is the 
case of the worsened receiving state. Also, if at least 
one of the values of received electric field strength at RF 
frequencies FdL and FdH is higher than the predeter- 
mined level V2, a judgment is made that other signals 
generated near the desired channel have interfered with 
the desired channel because of small electric field 
strength of the desired channel. 
[0020] In step S12, it both values of received electric 
field strength at RF frequencies FdL and FdH are lower 
than predetermined level V2, the control circuit 17 
judges that there is no interference and the process pro- 
ceeds to step S4. That is, wide IF signals are selected 
and the normal receiving in a weak state of electric field 
continues for a predetermined time, after which the 
detection of adjacent-channel interference begins 
again. Also, if at least one value of received electric field 
strength at RF frequencies FdL and FdH is higher than 
predetermined level V2, the process proceeds to step 
S8. That is, noise generating near the desired channel 
can be rejected by selecting narrow IF signals, resulting 
in a better receiving state of the FM radio receiver. After 
a predetermined time, the FM radio receiver will switch 
from the wait state to the normal receiving state and 
then begin the detection of adjacent-channel interfer- 
ence again. 

[0021 ] If passing bands of the wide-band filter 4 W and 
narrow-band filter- 4N and detection range Af of IF fre- 
quency are set as shown in Fig. 3A, adjacent-channel 
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interference can be reliably rejected. In step S2, the fre- 
quency of wide IF signals was counted only once, but it 
may be counted more than once. In this case, the proc- 
ess can proceed to step S3 when the count values 
match. This enables judgment on whether the adjacent- 5 
channel interference is temporary or constant. Also, in 
step S6 electric field strength may be measured more 
than once. Electric field strength received especially by 
a car tuner will change as it moves, and so adjacent- 
channel interference can be reliably detected by using 10 
the average of the measurements. 
[0022] Typically, an FM radio receiver has an IF coun- 
ter which detects the frequency of IF signals to detect a 
channel at the time of search. This IF counter for search 
can also be used for the detection of adjacent-channel is 
interference, eliminating the need for a new IF counter. 
[0023] The level of IF signals of an adjacent interfer- 
ence channel overlapping with IF signals of the desired 
channel depend on electric field strength of the interfer- 
ence channel. The amount of change in the frequency 20 
of IF signals and a count value of the IF counter 15 
therefore depend on electric field strength of an interfer- 
ence channel. As a result, sensitivity for the detection of 
adjacent-channel interference can be freely set by freely 
changing detection range Af. 25 
[0024] In step S1 1 . as shown in Fig. 3C. RF frequency 
may be shifted from desired channel Fd to FdL and then 
from FdL back to desired channel Fd and may. further, 
be shifted from desired channel Fd to FdH and then 
from FdH back to desired channel Fd. This shift opera- 30 
Won will be effective when a local oscillation frequency of 
the local oscillation circuit 3 changes slowly. The time 
required to actually shift a local oscillation frequency 
can be shortened by accomplishing the task in multiple 
steps, which also serves to eliminate sound pause. 35 
[0025] While what has been described is, at present, 
considered to be the preferred embodiment of the 
invention, it will be understood that various modifica- 
tions may be made thereto, and it is intended that the 
appended claims cover all such modifications falling 40 
within the true spirit and scope of the invention. 

Claims 

1 . An FM radio receiver for receiving FM signals, com- 45 
prising: 

an IF counter for counting the frequency of IF 
signals, and 

a detection circuit for detecting the occurrence so 
of adjacent-channel interference based on a 
count value of the IF counter 

2. The FM radio receiver according to claim 1. 
wherein said detection circuit detects the occur- 55 
rence of adjacent-channel interference when a 
count value of said IF counter is outside a predeter- 
mined range including the center frequency of IF 



signals. 

3. The FM radio receiver according to claim 2, 
wherein said detection range is set within a passing 
band of a narrow-band filter. 

4. The FM radio receiver according to claim 1, 
wherein said detection circuit detects the occur- 
rence of adjacent-channel interference when a 
count value of said IF counter is equal to a prede- 
termined value. 

5. The FM radio receiver according to any of claims 1 
to 4, wherein said IF counter is used as a search IF 
counter for counting the frequency of IF signals in 
the case of searching a channel. 

6. The FM radio receiver according to any of claims 1 
to 5, further comprising: 

a wide-band filter and a narrow-band filter for 
limiting the band of IF signals; 
a selector circuit for selecting either of output 
signals from said wide-band filter and ones 
from said narrow-band filter; and 
a control circuit for switching said selector cir- 
cuit based on a detected result of said detec- 
tion circuit. 

7. The FM radio receiver according to claim 6, 
wherein in the case of adjacent-channel interfer- 
ence occurring said control circuit makes said 
selector circuit select output signals from said nar- 
row-band filter and in the case of adjacent-channel 
interference not occurring said control circuit makes 
said selector circuit select output signals from said 
wide-band filter. 

8. The FM radio receiver according to claim 6. further 
comprising: 

an electric field strength detection circuit for 
detecting received electric field strength of a 
desired channel; and 

a comparison circuit for comparing the 
received electric field strength of the desired 
channel with a first level; 
wherein said control circuit makes said selector 
circuit select either output signals from said 
wide-band filter or ones from said narrow-band 
filter based on a comparison result of said first 
comparison circuit. 

9. The FM radio receiver according to claim 8. 
wherein, when the received electric field strength of 
said desired channel is higher than said first level, 
said control circuit causes said selector circuit to 
select output signals from said narrow-band filter; 
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and, when the received electric field strength of 
said desired channel is lower than said first level, 
said control circuit causes said selector circuit to 
select output signals from said wide-band filter. 

5 

10. The FM radio receiver according to claim 9, further . 
comprising a shift circuit for shifting a received fre- 
quency to one near said desired channel, and 
wherein said electric field strength detection circuit 
detects received electric field strength in the case of io 
the received frequency being shifted, said compari- 
son circuit compares the received electric field 
strength with a second level in the case of the 
received frequency being shifted, and said control 
circuit makes said selector circuit select either out- is 
put signals from said wide-band filter or ones from 
said narrow-band filter based on the comparison 
result. 

11. The FM radio receiver as defined in claim 10, 20 
wherein, when the received electric field strength 
with said shifted received frequency is higher than 
said second level, said control circuit causes said 
selector circuit to select output signals from said 
narrow-band filter; and, when the received electric 25 
field strength with said shifted received frequency is 
lower than said second level, said control circuit 
causes said selector circuit to select output signals 
from said wide-band filter. 

30 

12. The FM radio receiver as defined in claim 10, 
wherein said shift circuit shifts the received fre- 
quency to frequencies a predetermined distance 
above and below said desired channel, said detec- 
tion means detects electric field strength at each of 35 
the shifted received frequencies, and said control 
means causes said selector circuit to select output 
signals from said narrow-band filter when at least 
one of the received electric field strength detected 
being higher than said second level. 40 

13. The FM radio receiver as defined in claim 12, 
wherein said predetermined frequency is equal to a 
frequency interval between two adjacent channels 
within the received FM band. 45 
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